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Several studies have recently evaluated the feasibility of 100%
renewable energy-based energy systems in different world
regions. In a recent article, Bogdanov et al.1 contribute to

this literature, by using an energy system model that takes into
account the unique conditions of 145 global subregions, including
factors such as renewable energy (RE) resource conditions,
structure and age of existing capacities, demand patterns, etc.
Based on their results, they discuss transition pathways and cal-
culate the 2050 levelized cost of electricity generation (LCOE) of
100% RE-based energy systems in those 145 subregions. While
the paper provides a new high-resolution analysis of 100% RE
systems, we believe that it falls short of adequately considering
large differences in the cost of capital (CoC) when comparing the
LCOE between countries. As a result, Fig. 2 in Bogdanov et al.
shows the lowest LCOEs for solar photovoltaic (PV)-based sys-
tems in countries such as the Democratic Republic of Congo
(DRC) and Sudan, which seems at odds with the high investment
risks and very low installed capacity in both countries2.
Accounting for CoC differences between countries changes the
results dramatically, as we show in Fig. 1. We therefore argue that
using uniform CoC can lead to distorted policy
recommendations.

Wind power, PV, and hydropower are capital intensive, mak-
ing the CoC a major determinant of these technologies’ LCOE3–7.
While Bogdanov and colleagues mention CoC as a “major factor
of uncertainty”, they assume a uniform CoC of 7% throughout
the entire analysis. In reality, however, the CoC strongly varies
across countries8. While the time value of money might be uni-
form, the risk premium for long-term investments varies due to
differences in macroeconomic stability, political uncertainties,
and the maturity of financial markets in different countries3,9,10.

Figure 1a shows that risk spreads across 152 countries vary
from 0 to 22.1% according to common metrics. Figure 1b illus-
trates the effect of the country risk spread for the three most
expensive (Italy, South Korea, Switzerland) and the three least
expensive (DRC, Peru and Sudan) solar PV-based energy systems
in 2050 as reported in Bogdanov et al. It compares the 2050
LCOE of solar PV assuming a 7% CoC versus a country-specific
CoC. Apart from the CoC, our calculation uses the input para-
meters from Bogdanov et al. To arrive at the country-specific

CoC, we use the 10-year average (2008‒2017) CoC for solar PV in
Germany (3.1%)11 to establish a lower bound. To this lower
bound, we add a country premium corresponding to Moody’s
country rating for each country other than Germany (zero pre-
mium in the case of Switzerland)12.

The results show that solar PV LCOEs are between 7 and 30%
lower for the set of industrialised countries and up to 170% higher
for the set of developing countries when assuming a country-
specific CoC. These numbers are similar and slightly more pro-
nounced when estimating 2015 instead of 2050 LCOEs (−30 to
+180%). Importantly, the LCOE in the three industrialised
countries are substantially lower than those in DRC or Sudan,
when using country-specific CoC, turning the results reported in
Fig. 2 of Bogdanov and colleagues upside down. Of the three
analysed developing countries, Peru is the only case for which
assuming country-specific financing costs would in fact result in
lower costs than those reported by Bogdanov and colleagues
(−18%). Based on these results, we argue that one can expect the
following pattern: 2050 LCOEs of renewables in most developing
countries would likely be substantially higher and in most
industrialised countries substantially lower than those projected
by Bogdanov and colleagues.

The implications are stark. Using uniform CoC may under-
estimate the cost of RE in developing countries and overestimate
it in industrialised countries. Consequently, such analysis con-
ceals the important role of de-risking policies in enabling RE
deployment in developing countries3. At the same time, the bias
may undermine policymakers’ efforts to push forward the RE
expansion in industrialised countries, e.g., by pointing to see-
mingly more cost-efficient options in developing countries.
Importantly, our critique of (quasi-)uniform CoC in country-level
cost comparisons is not confined to Bogdanov and colleagues but
applies to other models, such as the LCOE models of the Inter-
national Energy Agency (IEA) or the International Renewable
Energy Agency (IRENA) too. The IEA uses a CoC of 7% for
OECD countries and 8% for the rest13. The IRENA uses a CoC of
7.5% for OECD countries and China and 10% for the rest5. For
modelling and interpreting global outcomes, the use of uniform
CoC is not necessarily problematic. However, our above calcu-
lations demonstrate that if the models are used to compare
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country-specific RE LCOEs as an output, they should clearly use
country-specific CoC.

Empirically, the CoC also varies between technologies, though
technology spreads are small compared with country spreads8,
especially for mature technologies (which seems a fair assumption
for the 2050 scenario). It should also be noted that CoC can
change over time—not just in terms of the general interest rate
level, but also the risk spreads between countries. There are
indeed examples of low- or middle-income countries that were
able to reduce their risk spreads compared with industrialised
countries to almost zero over a few decades. For example, from
1998 to 2019, South Korea improved its credit rating from Ba1 to
Aa2, which corresponds to a 2.3%-point risk-spread
reduction12,14. However, South Korea is one of the very few
countries that have escaped the low- or middle-income traps
during the last few decades15. Such strong improvements require
overcoming many institutional and socioeconomic challenges. A
case in point is the persisting large difference in solar PV CoC
between Eastern and Western countries of the European Union8.

Therefore, we believe that in projection studies such as Bog-
danov et al., where no better knowledge is available, the prudent
approach is to assume that current economic differences persist,
reflected in the respective CoC differences. To study the sensi-
tivity of the model towards this assumption, we also calculate the
LCOEs assuming a halved spread between Germany and devel-
oping countries. The underestimation of LCOEs in high-risk
countries is lower, but differences compared with the uniform
CoC remain (+64% for Sudan, +5% for DRC). However, the past
has shown that risk spreads can also increase and it is far from
certain that developing countries will consistently be able to close
the gap to industrialised countries. Uniform CoC (zero risk
spreads) assumes global convergence to similar macroeconomic

stability, political uncertainty, etc. and should be labelled
accordingly.

To conclude, we argue that (renewable) energy system models
that compare countries—and particularly countries across dif-
ferent income and investment risk classes—should always employ
country-specific CoC. Using uniform CoC may result in distorted
results and policy implications.

Data availability
The data and the underlying model are available from the authors upon reasonable
request.
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Fig. 1 Country-specific solar PV CoC and its effects on 2050 LCOE in six countries with the highest and lowest solar energy system cost as reported in
Bogdanov et al. a Calculated country-specific CoC for 152 countries based on a risk-free CoC of 3.1% and risk premium according to Moody’s sovereign
ratings. b Change in 2050 solar PV LCOE due to changes in the CoC. The LCOE calculation shows values for single-axis tracking solar PV systems, which is
the most deployed type in Bogdanov et al. Note that we do not perform an energy system calculation but for illustrative reasons focus on the LCOE. Grid
and storage infrastructure investments are similarly affected by CoC differences
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